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@ A pianarization process for double metal mos using spin-on glass as a sacrificial layer. 



® A method of providing a planar or iso-ptanar 
^surface to the interlevel dielectric layer between met- 
^al layers of a multilevel MOS wafer includes apply- 
ing a first dielectric (22) over the first metal layer 
^(20). applying a layer of spin-on glass (24) over the 
fM first dielectric layer, etching the spin-on glass layer 
_in an etch process in which the rate of etch of the 
^spin-on glass is approximately the same as the rate 
^of etch of the first dielectric to reveal at least a 
Q portion of the first dielectric layer (22). A second 
dielectric layer (26) is placed over the surface of the 
ft- first dielectric. Via (28) may then be defined through 
^the dielectric layers (22. 26), and the second metal 
layer may be applied over the relatively smooth 
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A PLANARIZATION PROCESS FOR DOUBLE METAL MOS USING SPIN-ON GLASS AS A SACRIRCIAL 

LAYER 



Background of the Invention 

As integrated circuit density and complexity 
increase, the need to reduce dimensions is para- 
mount in achieving performance and yield goals. 
Multi-level metallization and overall design shrink 
become key to achieving the packing den^ty nec- 
essary for VLSI and beyond. 

One manufacturing requirement associated 
with multi-level metallization Is topographical 
planarizatton. A relatively smooth planar or iso- 
planar surface is important for increasing metal- 
lization 'Step coverage yields, and in feature size 
control. Additionallyr the need for compatibility witii 
the underlying aluminum alloy interconnect pre- 
cludes any high temperature glass flow step in 
such planarizations. 

In the process of forming a semiconductor wa- 
fer having two or more metal layers, a structure is 
produced prior to defining vias and depositing the . 
second metal layer that comprises various layers of 
oxide, polysilicon conductors, and first metal con- 
ductors, all covered with a first Interlevel dielectric 
(1LD1). Because the surface of the underiying 
structure is quite irregular, the surface of the inter- 
level dielectric ILDl also is very irregular. If a 
second metal layer is applied directiy on top of this 
interlevel dielectric, the sharp edges and crevices 
that tend to exist on the surface of tiie dielectric 
cause cracks in the second metal layer and result 
in incomplete metal coverage over the steps in the 
dielectric surface. Such defects reduce device 
yields. 

A problem in double metal processes therefore 
has been to obtain a topographically planar or iso- 
planar surface prior to via definition and second 
metal deposition. Numerous methods have been 
attempted and used in the industry for such 
planarization of the interievel dielectric. 

One planarization method commonly used is to 
use a layer of photoresist material as a sacrificial 
layer. In this method, a layer of photoresist is 
applied over the interievel dielectric. The photores- 
ist is then etched back until the portions of tiie 
interievel dielectric ttirough which the vias are to be 
defined are revealed. 

Problems have arisen in using a photoresist as 
a sacrificial layer because of the differences be- 
tween the etch characteristics of the photoresist 
and the interlevel dielectric material. Because the 
photoresist is a polymer and the interlevel dielec- 
tric is typically a glass, during the etch-back pro- 
cess, the polymer photoresist tends to etch at a 



different rate than the interievel dielectiic, resulting 
in less than ideally planar surface. Additionally, the 
etch materia! used is a plasma etcher, which 
causes the photoresist to polymerize further, coat- 
5 ing the etching chamber with a polymer, and 
changing the etch characteristics of the polymer 
itself to provide a barrier to further etching, occa- 
sionally even halting the etching process altogeth- 
er. 

70 Other methods of planarization that have been 

attempted include surface leveling by RF sputter 
etching, and planarization using spun-on polyimide 
films. 

IS 

Summary of the fnventi'on 

The present invention comprises a method of 
obtaining a topographically planar or iso-planar sur- 

20 face of dielectric over a first metal layer prior to via 
definition and second metal deposition. 

The method of the invention includes applying 
a first layer of dielectric (22) over the first metal 
layer (20), applying a layer of spin-on glass (24) 

25 over the first dielectric layer, etching the spin-on 
glass layer to reveal at least a portion of the first 
dielectric layer (22). and applying a second layer of 
dielectric (26) over the first dielectric layer. 

The spin-on glass (24) applied is preferably a 

30 siloxane. After application of the siloxane spin-on 
glass, the glass is cured to substantially convert 
the siloxane to silicon dioxide. The etch process is 
controlled so the rate of etch of the spin-on glass is 
substantially the same as the rate of etch of the 

35 first dielectric. The etch process preferably re- 
moves all of the spin-on glass from the areas 
through which vias are to be defined. 

40 Brief Description of tiie Drawings 

RGURE 1 is a cross-sectional view of a 
wafer sur^e following application of a first inter- 
level dielectric, prior to via definition and second I 
45 metal deposition. , 
FIGURE 2 is a cross-sectional view of the i 
wafer surface following application of a layer of 
spin-on glass. 

FIGURE 3 IS a cross-sectional view of tiie 
wafer surface following etching of the spin-on glass 
layer. 

RGURE 4 is a cross-sectional view of the 
wafer surface following deposition of the second 
dielectric layer. 
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FIGURE 5 is a cross-sectional view of the 
wafer surface following via definition, and pridr to 
second metal deposition. 

Detailed Description of the Preferred Embodiment 

A typical CMOS semiconductor wafer surface 
structure up through the first metal conductor layer 
and the interlevel dielectric layer is shown in Rgure 
1. The specific structure shown is exemplary only, 
as. numerous different structures are encountered 
in various portions of a typical wafer surface. The 
wafer typically includes a silicon substrate 10, with 
layers of oxide 12, polysilicon conductor 14, and 
other materials applied over the substrate as in 
known in the art. 



First Metal Layer 

The first metal layer typically consists of con- 
ductors 20 formed of an aluminum silicon copper 
(Al-Si-Cu) alloy that is deposited and then etched 
using RIE to obtain a near anisotropic straight-wall 
profile. 

It has been observed that the size and den- 
sities of first metal hillocks are a dominant factor in 
causing short circuits between the first and second 
metal layers of a device having multiple metal 
layers. Therefore, it is preferred that an aluminum- 
silicon-copper alloy is used for the first metal layer 
rather than an aluminum-silicon alloy, which effec- 
tively doubles the metal 2 to metal 1 capacitor 
breakdown yields. It is calculated that the defect 
density is improved by an order of magnitude over 
that obtained when the first metal layer is an alu- 
minum silicon alloy. The use of such an aluminum- 
silicon-copper alloy for the first metal layer to re- 
duce hillocks is known in the art. 
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preferably operated under limited depletion mode 
(LDM) at 1.3 KWatt of power. The PECVD oxide is 
deposited at a deposition rate of approximately 1 50 
Angstroms per minute. A preferred thickness of the 
s dielectric layer 22 is approximately 7000 Angstr- 
oms. 

As seen in Fig. 1, the surface of the first 
dielectric layer 1LD1 is quite irregular, following the 
contour of the underlying structure of the first metal 
10 layer 20. If the second metal layer is deposited on 
this 1LD1 surface, the metal will tend to crack at the 
sharp crevices in the surface and may not fully 
cover the dielectric surface over the steps in the 
surface. 

75 

Spin-on Glass (SOG) 

A coat or layer of undoped spin-on glass 
20 (SOG) 24 is then applied over the surface of the 
first dielectric layer 22. This spin-on glass film fills 
the gaps and indentations in the underlying topog- 
raphy. Typical as-spun thickness is 3.000 Ang- 
stroms. The wafer surface with the added spin-on 
26 glass layer is shown in Fig. 2. The application 
process allows a relatively smooth surface to be 
formed. 

The spin-on glass is preferably an organic 
siloxane spin-on glass, such as that marketed by 
30 Allied Chemical Corporation of Morristown. New 
Jersey under the trademark "Accuglass", Type 
204. 

That SOG is a solution of a silicon-oxygen 
backbone polymeric material in an alcohol solvent 
35 system. More specifically, it is a phenylsiloxane 
polymer in alcoholic solvents, with the chemical 
formula: 



40 



First Interlevel Dielectric Layer (ILD1) 

A first dielectric layer (ILDI) 22 is applied over 
the metal conductors 20. This dielectric is prefer- 
ably a thin film of four percent or less (by weight) 
phosphorous-doped glass (PSG). The dielectric is 
preferably deposited using a conventional plasma 
enhanced chemical vapor deposition (PECVD) pro- 
cess. The ILDI layer 22 is thus P-doped CVD S1O2. 
a doped plasma oxide. 

The phosphorous-doped glass is preferably de- 
posited using an ASM PECVD cantilever loaded 
* system. Silane, phosphine. and nitrous oxide are 
preferred as the reactant gases. The process pres- 
sure is preferably 1.25 torr and process tempera- 
ture is preferably 300'C. The PECVD system is 



in which 

a ^ 1 

bgO.5 

c ^0.5 

d^O.5 

5 ^ n ^ 100 

and CeHs is the phenyl. 

Other spin-on glass formulations may be used 
for the SOG layer. A formulation should be se- 
lected that wilt provide a minimum number of buk>- 
bles in the applied layer, and a minimum of par- 
ticulate jbuildup. 
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Approximately 2 milliliters of the SOG soiutjon 
is dispensed on a four inch wafer. During applica- 
tion of the SOG the spin speed of the wafer is 
preferably controlled at approximately 3,000 RPM, 
to deliver a spin-on glass thickness of approxi- 
mately 3,200 Angstroms, +/• 3 percent 

Particulate buildup can be a problem during 
application of the SOG coat The particle count 
should be kept to less than 10 of size 1 urn or 
larger per wafer per spin operation. Special track 
design with cup and nozzle rinse are benefidal to 
keep the process clean. The apparatus necessary 
to minimize particulate buildup during the applica* 
tion of SOG Is readily available from suppliers such 
as Semiconductor Systems Incorporated of San- 
Jose. California, and Machine Technology, also of 
San Jose. California. 

Allied Chemical's Acculgass Type 204 has 
been successful in reducing particulate buildup be- 
cause of its relatively slower solvent vaporization 
rate. This slower solvent vaporization rate is benefi- 
cial in reducing the number of particulates that are 
formed primarily as a result of solvent vaporization. 

Following application of tiie SOG. tiie SOG is 
cured to convert it from organic siloxane to in- 
organic silicon dioxide (S i02). Manufacturers of te 
SOG typically specify a cure process that is in- 
tended to fully convert the applied material to in- 
organic SOG. For the preferred Allied Chemical 
Accuglass Type 204, the manufacturer recom- 
mends a one hour cure in an oven furnace or on a 
hot plate at 400 ^C in an ambient atmosphere of air 
or a mixture of nitrogen (N2) and oxygen (Oz). If the 
temperature in the curing process is not ramped 
up, the manufacturer recommends prebaking at 90- 
100°C for ten minutes in air. Nevertheless, for the 
organic siloxane Accuglass Type 204 SOG. an 
abbreviated curing process has been found to pro- 
vide acceptable results for the process of the in- 
vention. This abbreviated curing is conducted by 
placing the wafer on a hot plate and baking it at 
160*-300**C for approximately one minute or long- 
er immediaely following the spin. This brief baking 
can be conducted in air. This abbreviated curing 
process provides adequate conversion for the sub- 
sequent etch-back step, while allowing greater wa- 
fer production through-put 

The baking or curing process affects the sub- 
sequent etch-back process, the importance of 
which is described below. A higher temperature in 
the baking or curing step leads to a lower carbon 
content in the cured SOG. which in turn results in a 
faster etch rate for the SOG. For re^ons that are 
explained below, the etch rate of the cured SOG 
should closely match the etch rate of the interievei 



dielectric layer. Therefore, the exact specifications 
of the bake or cure step may need to be adjusted 
to produce an SOG layer witii the correct carbon 
content and etch rate. 

5 A relatively high carbon content in the cured 

SOG is generally desirable to obtain an SOG that 
does not etch substantially faster tiian the under- 
lying dielectric. The prefenred Accuglass Type 204 
organic siloxane, following the preferred abbrevi- 

10 ated hot plate cure, at 150* C for one minute, has a 
carbon content of approximately six percent. Ab- 
breviated hot plate cures at temperatures up to 
about 300 *C have been successfully demonstrat- 
ed. 

IS 

Etch-Back 

The wafer surface is next subjected to a pias- 

20 ma etch back process. The etch process shouW be 
selected to match as closely as possible ttie etch 
rate or the spun-on glass 24 and the first dielectric 
layer 22. With a matched etch rate tiie planar or 
ISO-planar surface of tiie SOG layer 24 is main- 

25 tained as the SOG and a portion of the first dielec- 
tric are etched away. Ideally, the etch rate of the 
SOG 24 and the PECVD oxide dielectric 22 should 
have a ratio (selectivity) of 1.0:1.0. Nevertheless, a 
selectivity in the range of 0.8-t .3:1.0 provides ac- 

30 ceptable results. The wafer surface after etch back 
is shown in Rg. 3. 

A plasma etcher is preferably used to achieve 
a 1:1 SOG to PECVD oxide etch rate selectivity- A 
Tegal brand model 803 plasma etcher has been 

35 used with satisfactory results. The etching is pref- 
erably performed using Freon 116 (C2F6). The 
Freon t16 disassociates during the etching pro- 
cess, and the active fluorine reacts with the SOG or 
dielectric to provide the etching. 

40 The Freon 116 is preferably mixed with helium 

to control the temperature during the etching pro- 
cess, and has oxygen added as a polymer inhibitor 
to control ttie etch rate ratio or setectivity. 

The prefeaed ratio of helium to Freon is 2:1. 

45 Sufficient oxygen is added to the gas to provide as 
close as possible to a 1:1 selectivity in the etch 
rate ratio between the SOG and the dielectric. 
Preferably, the ratio of helium and Freon 116 to 
oxygen is approximately 30:1, so that oxygen 

50 forms approximately 3-5% of tiie total gas flow 
during etch. The etch is preferably conducted un- 
der a pressure of 2.5 torr, with power applied at 
200 watts. 

A 1:1 etch rate selectivity for the SOG to the 
— ss — phosphorous-doped PECVD oxide causes the rela- 
tively planar topography of the SOG surface as 
applied to be maintained. In general, SOG films 
etch faster tiian PECVD oxides. Nevertheless, the 
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PECVD and-SOG applied and the etch process 
used may be adequately controiied to achieve re- 
peatable etch rate selectivities of 0.8-1.3:1.0 
(SOG:ILDI). The initial, highly irregular surface of 
the interlevel dielectric layer will be replicated if the 
SOG etches at a substantially faster rate than the 
PECVD. 

As discussed above, the carbon content of the 
cured SOG affects the etch rate of the SOG, with a 
higher carbon content resulting in a slower etch 
rate.. Generally, using a higher temperature in the 
curing step provides a lower carbon content. A 
one-minute ISO^C hot plate cure has been found to 
provide acceptable results with an applied organic 
siloxane such as Allied Chemical's Accuglass Type 
204. One minute hot plate cure at temperature up 
to approximately 300*^0 have also been success- 
fully used. 

The phosphorous concentration of the under- 
lying PECVD dielectric affects its etch rate. Thus, 
the etch rate selectivity may also be controlled by 
adjusting the PECVD phosphorous concentration. 
As described above, the preferred phosphorous 
concentration for the PECVD oxide is 4% by 
weight. 

Finally, the etch rate selectivity can be con- 
trolled with the etch process itself. As previously 
noted, oxygen added to the Freon 116 and helium 
acts as a polymer inhibitor to control the etch rates. 
Using a mixture of approximately 3-5% oxygen 
provides acceptable results. 

The SOG and the interlevel dielectric are both 
oxides. Because only oxide is etched during the 
etch-back step, there is no loading effect or bull- 
seye etch pattern typical of etch back processes 
using sacrificial layers consisting of a material dif- 
ferent from the interlevel dielectric. 

The degree of planarity achieved is controiied 
by the amount of SOG and plasma oxide removed 
during etch back. As with all spun-on materials, the 
thickness of the SOG layer Is dependent on the 
underlying topography. Generally, following cure 
the greatest thickness of SOG appears atop wide 
metal bus lines and probe pads, while isolated 
minimum geometry lines have the smallest step 
height change. Etch back can range from complete 
removal of the SOG and a few thousand Angstroms 
of the interievel dielectric, to removal of only the 
top thousand or so Angstroms of SOG. The exact 
amount is determined by overall yield results, and 
must be determined experimentally for each struc- 
ture. 

It is particularly advantageous to remove all of 
the SOG from the via area to help achieve high 
"Chain via chain yields. The difference in thermal 
expansion between the SOG and the plasma oxide 
may cause the top interlevel dielectric layer 
(applied as described below) to pee! away from the 



underiying SOG, which results in a breakdown in 
the connection between the second metal layer 
and the first metal layer at the dielectric separation. 
Such a breakdown necessitates the removal of all 

5 of the SOG by a controlled planarization etch. 

Small pockets of SOG remain filling the deep- 
est valleys that had existed in the surface of the 
first Interievel dielectric, while etching away the 
highest portions of the interlevel dielectric. Thus, as 

70 shown in Figure 3. the majority of the exposed 
surface area is that of the interievel dielectric, but 
that pockets in that dielectric surface are filled with 
the SOG to yield a substantially planar surface. 

76 

Second Interlevel Dielectric (ILD2) 

Following the etch back step, the total thick- 
ness of the remaining first interlevel dielectric 22 is 

20 generally too small to provide adequate insulation 
between metal layers if the second metal layer is 
applied directly on the etched surface. Therefore, 
as shown in Rgure 4. a second layer of interlevel 
dielectric (1LD2) 26 is applied over the surface of 

25 the first interievel dielectric, as etched, with the 
surface- pockets filled with the SOG. This second 
interievel dielectric 26 is preferably the same ma- 
terial as the first interievel dielectric, and preferably 
a film of approximately four percent or less phos- 

30 phorous doped glass. This second interlevel dielec- 
tric is preferably applied in the same way as the 
first dielectric to a thickness of approximately 3,000 
- 5,000 Angstroms. The total dielectric thickness 
between the two metal layers is about 10,000 Ang- 

35 stroms. 

It is preferable that a relatively small area of 
the surface to which the second interlevel dielectric 
is applied is the spin-on glass filler material 24. It 
has been found that while adhesion between the 

40 two interievel dielectric phosphorous doped glass 
layers 22« 26 is relatively good, the adhesion be- 
tween the second layer of dielectric 26 and the 
spin-on glass 24 Is relatively poor. Therefore, par- 
ticularly in the areas in which the vias are to be 

45 placed, the second interievel dielectric 26 should 
be applied directly to the first interievel dielectric 
22, with no SOG between them. The difference in 
thermal expansion between the SOG and the plas- 
ma oxide phosphorous-doped glass of the second 

50 dielectric layer may cause the second dielectric 
layer to peel away from the spin-on glass at the via 
edge or wall, which may cause a breakdown in the 
connection between the second metal layer and 
the first metal layer through the via. 

56 • — - 



BNSDOCID: <EP ^02491 73A1J_> 



9 



0 249 173 



10 



Because the surface of the first dielectric and 
the spin-on glass on which the second dielectric is 
applied is relativeiy planar, the surface of the sec- 
ond dielectric is also relatively planar, ready for via 
definition and second metal layer deposition. 



Via Definition and Second Metal Layer 

Once the second dielectric layer 26 has been 
applied, leaving a smooth sur^ce, vias or openings 
28 may be fomned through the dielectric layers to 
allow connections between the first and second 
metal layers. Figure 5 shows the structure of Rg- 
ure 4 with the vias defined through the first and 
second dielectric layers, providing openings to the 
first metal conductors 20. 

The second metal layer may be deposited on 
the surface of the second dielectric. As that surface 
Is relatively smooth, the metal can be applied 
evenly and does not tend to crack. Connections of 
metal between the two metal layers are made 
though ttre vias or openings 28 through the dielec- 
tric layers ILD1 and 1LD2 22, 26. As the two dielec- 
tric layers adhere well to each other, no splits 
occur along the via wall to cause discontinuities in 
the metal connection. These and the remaining 
steps of the fabrication process can be conducted 
as known by those skilled in the art without failure 
of the second metal layer due to an in'egular di- 
electric surface. 



Claims 

1. In a method of fabricating a semiconductor 
wafer having multiple levels of metallization, a 
method of providing an irrterievel dielectric layer 
having a substantially planar surface, comprising: 
depositing, using a plasma enhanced chemical va- 
por deposition process, a first dielectric layer (22) 
of phosphorous-doped glass over a first metal layer 
(20); 

applying a layer of undoped siloxane spin-on glass 
(24) over said first dielectric layer; 
curing said sptn-on glass to substantially convert it 
to silicon dioxide; 

etching away at least a portion of said spin-on 
glass (24) and a portion of said first dielectric layer 
(22) in an etch process in which the rate of etch of 
said spin-on glass is approximately the same as 
the rate of etch of said phosphorous-doped glass; 
and 

depositing, using the plasma enhanced chemical 
vapor deposition process, a second dielectric layer 
(26) of phosphorous-doped glass over the remain- 
der of said first dielectric layer and said spin-on 
glass. 



2, The method of Claim 1 wherein said curing 
step comprises placing said wafer on a hot plate at 
a temperature of approximately 150'C for approxi- 
mately one minute. 
5 3. The method of either of Claims 1 or 2 

wherein said phosphorous-doped glass has a. phos- 
phorous content less than or equal to four percent 
by weight. 

4. The method of any of Claims 1-3 wherein 
10 said etching step comprises plasma etching with 

C2F6 in a ratio of approximately 1:2 with helium, 
and with a concentration of 3-5 percent oxygen. 

5. The method of any of Claims 1 - 4 wherein 
said spin-on glass is etched to reveal said first 

75 dielectric layer (22) at least over a portion of a 
metal conductor (20). 

6. The method of any of Claims 1-5 wherein 
said spin-on glass is etched to reveal first dielectric 
layer (22) at least in the areas in which vias (28) 

20 . are to be defined. 

7. The method of any of Claims 1-6 wherein 
the rate of etch of said spin-on glass (24) is within 
the range of 0.8 to 1.3 times the rate of etch of 
said first dielectric. 

25 
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FIG. 3 
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